In this study, we investigated the prognostic value of HER2/neu, p53, and vascular endothelial growth factor in early stage conventional adenocarcinoma and bronchioloalveolar carcinoma of the lung. We studied 100 patients and consisted of 50 cases with conventional adenocarcinoma and 50 cases with bronchioloalveolar carcinoma (32 nonmucinous and 18 mucinous subtypes). Representative sections were immunostained for HER2/neu, p53, and vascular endothelial growth factor. Positivity was scored quantitatively by three observers and correlated with multiple prognostic parameters including survival. In the conventional adenocarcinoma, HER2/neu, p53, and vascular endothelial growth factor were expressed in 19/50 (38%), 32/50 (64%), 33/50 (66%), respectively. In this group, p53 showed a significant correlation with recurrence while vascular endothelial growth factor correlated with angiolymphatic invasion (Po0.05). HER2/neu, p53, and vascular endothelial growth factor expression was associated with significantly shorter survival (log rank, Po0.05). Patient whose tumors coexpressed both p53 and HER2/neu had the worst outcome. In the bronchioloalveolar carcinoma, HER2/neu, p53, and vascular endothelial growth factor were expressed in 9/50 (18%), 3/50 (6%) and 12/50 (24%), respectively which was significantly less than in conventional adenocarcinoma (Po0.05). HER2/neu positivity showed a significant correlation with shorter survival (log rank, Po0.05) in nonmucinous type. In conclusion, vascular endothelial growth factor was associated with angiolymphatic invasion and poor prognosis in conventional adenocarcinoma. Also, in conventional adenocarcinoma, p53, and HER2/neu expression appeared to be poor prognostic markers, while in bronchioloalveolar carcinoma, only HER2/neu was associated with a poorer prognosis. This immunostaining pattern suggests that conventional adenocarcinoma has different molecular abnormalities than bronchioloalveolar carcinoma.
Lung cancer is the leading cause of cancer-related deaths in Western countries, even with new diagnostic and treatment modalities. 1, 2 In the United States, approximately 171 000 new cases of lung cancer are diagnosed each year, and the overall 5-year survival remains less than 15%. 3 Non-smallcell lung cancer accounts for approximately 80% of all lung cancers. 4 In the last two decades, adenocarcinoma has been shown to be significantly increasing in both women and men. 5 Although tumor stage has a significant role in predicting survival, patients with the same stage may have different outcomes, 6 urging the need for new reliable predictors of the disease relapse and survival. 6, 7 These markers would be of value in optimizing the medical management of patients at high risk for disease recurrence and/or short survival.
HER2/neu (also known as erb-2) is a member of the erbB gene family and encodes for transmembrane receptor-type tyrosine-protein kinases. 8, 9 Although HER2/neu has been studied most extensively in the breast, 10, 11 there is only a limited amount of information regarding its prognostic value in lung cancer. 7 p53 is a tumor suppressor gene, located on chromosome 17p13. 12 The product of this gene is a nuclear protein involved in the control of cell cycle activation, apoptosis, and maintenance of genomic stability. 12 The altered protein from the mutant gene has an extended half-life and can be detected with immunohistochemical techniques. 7, 13 Loss of tumor suppressor function of p53 has been identified in different types of human cancer including cancer of the lung. 7, 14, 15 Vascular endothelial growth factor (VEGF) is an angiogenic factor, produced by the tumor cells to stimulate intratumoral microvessel proliferation (neoangiogenesis). Tumor angiogenesis contributes to the metastatic process by providing large numbers of leaking blood vessels for vascular invasion. 7, 16 Some studies have indicated that mutations in tumor suppressor genes, such as p53, and/or amplifications of oncogenes, such as HER2/neu, are implicated in the pathogenesis of human lung cancer and have been associated with tumor aggressiveness and poor prognosis. 7, [17] [18] [19] Others have either failed to demonstrate this association or show conflicting results. [20] [21] [22] The objective of this study is to investigate the prevalence and prognostic significance of the expression of HER2/neu, p53, and VEGF in a series of patients with stage I adenocarcinomas of conventional and bronchioloalveolar types. Multiple parameters including survival were tested in this study with a long-term follow-up of patients to determine if these immunohistochemical markers can be useful prognostic markers.
Materials and methods

Patients Selection
We studied 100 unselected patients with primary stage I lung adenocarcinoma, underwent complete surgical resection in a 5-year period at Allegheny General Hospital from 1996 to 2000. Institutional board review committee approved the study. No chemotherapy or radiotherapy was received. Complete follow-up information was available on all patients.
Pathological Study
The surgically resected tumors were fixed in 10% formalin-and paraffin-embedded. Sections, 4 mm thick were stained with hematoxylin and eosin for routine histologic examination and reviewed by three investigators (RSS, HH, and YL). Any discrepancies were resolved by joint review of the slides through a multiheaded microscope.
Cases were classified into two groups according to the major morphologic pattern: conventional adenocarcinoma group: 50 patients with invasive adenocarcinoma, encompassing acinar, papillary, and/or solid adenocarcinoma patterns. Bronchioloalveolar carcinoma group: 50 patients with bronchioloalveolar growth pattern tumors, including 32 nonmucinous subtype and 18 mucinous subtype. According to WHO classification (1999), 23 bronchioloalveolar carcinoma is defined as adenocarcinoma with a pure bronchioloalveolar growth pattern and has no evidence of vascular, pleural, or stromal invasion.
Postoperative pathologic staging was performed according to the staging system of American Joint Committee on Cancer. 24 In conventional adenocarcinoma patients, the disease stage was IA in 23 and IB in 27 patients and bronchioloalveolar carcinoma patients included stage IA in 34 patients and stage IB in 16 patients. Disease survival was calculated from the date of surgery to the date of progression or the date of last follow-up. Death from lung cancer was the terminal event for survival calculations. Patients died within 30 days from operation and those due to unrelated reason, were excluded from the study.
Immunohistochemical Analysis
Sections 4 mm thick from the paraffin-embedded tissue blocks were immunostained for HER2/neu, p53, and VEGF. The tissue sections were mounted on coated slides and dried for 1 h at 601C. The sections were deparaffinized in xylene and rehydrated in a descending ethanol series. A microwave antigen-retrieval method with 100 mmol/l citrate buffer (pH 6.0) was used. The slides were incubated with primary antibodies with dilutions of 1:160 for p53 (clone 1801; BioGenex, San Ramon, CA, USA), 1:500 for HER2/neu (Rabbit polyclnal; Dako, Carpinteria, CA, USA), and 1:500 dilution for VEGF (Rabbit polyclonal antibody, Santa Cruz Biotechnology, Santa Cruz, CA, USA). The Ventana Immunostainer and basic DAB detection system (Ventana Medical Systems, Tucson, AZ, USA) were used for the rest of the procedures. The sections were counterstained with Mayer hematoxylin, dehydrated, cleared in xylene, and mounted. All cases were run with known positive controls for each antibody. For negative controls, the primary antibody was omitted for each run.
Microscopic Evaluation
Three investigators (RSS, HH, and YL) without the knowledge of patient outcomes interpreted all slides. Discordant-independent readings were resolved by simultaneous review by the three readers. For HER2/neu, complete or almost complete staining of the entire cell periphery in 410% of tumor cells was considered as positive. Cytoplasmic staining was considered negative. The interobserver agreement for HER2/neu was moderate (Kappa 77%). For p53, only cases with definite nuclear staining in 410% of tumor cells were considered as positive. The interobserver agreement for p53 was excellent (Kappa 97%). For VEGF, cytoplasmic staining intensity was recorded as negative (no or o20% of tumor cells are positive) and positive (420% showing strong positivity).
Statistical Analysis
Survival data of the patients were obtained from the Laboratory Information System of Allegheny General Hospital. The survival period was calculated as the time from the date of surgery to the date of death or last follow-up. Postoperative survival curves were constructed using the Kaplan-Meier method. The association between prognostic factors (ie age, gender, HER2/neu, p53, and VEGF immunoreactivity, histotype, recurrence, vascular invasion, and death) was analyzed using multivariate analysis, taking into consideration one prognostic factor at a time. Correlation with clinical data was evaluated by Spearman's correlation. All statistical analyses were performed with SPSS (Statistical Package for Social Sciences, SPSS Inc., Chicago, IL, USA).
Results
The clinical features and morphologic findings are presented in Table 1 . Figures 1-3 show the immunostaining pattern of HER2, p53, and VEGF in tumors resected from stage I conventional adenocarcinoma and bronchioloalveolar carcinoma.
Conventional Adenocarcinoma Group
The patients ranged in age from 44 to 77 years with a mean of 64711. There were 19 women and 31 men with mean ages of 6777 and 62711 years, respectively. According to the American Joint Committee on Cancer staging system, 23 patients were classified as stage I (23 IA and 27 IB). The mean follow-up for patients was 52720 months, including 58718 months for women, 49719 for men. At the end of the study, 17 patients remained alive without disease, 11 patients alive with disease (recurrence or residual tumor), and 22 patients expired due to disease. The survival decreased with increasing age and female gender with a mean value of 29713 months for women and 32717 months for men, although this was not statistically significant. In this group, 25/50 (50%) cases were poorly differentiated, 17/50 (34%) cases moderately differentiated, and 8/ 50 (16%) cases were well-differentiated adenocarcinomas.
The percentages of HER2/neu, p53 and VEGF expression were 19/50 (38%), 32/50 (64%), 33/50 (66%), respectively. There was a statistical significant correlation between p53 and VEGF expression (Spearman's correlation, r ¼ 0.52, Po0.001). p53 was significantly correlated with recurrence (r ¼ 0.34, Po0.05), while VEGF showed a significant correlation with vascular invasion (r ¼ 0.31, Po0.05). None of our immunohistochemical markers showed significant correlation with age, sex, or tumor grade.
Univariate analysis of survival for patients with stage I conventional adenocarcinoma whose tumors were positive for HER2/neu, p53, or VEGF was performed and showed significant increased mortality and decreased survival (Figures 4a and 5) . The survival for patients whose tumors expressed both p53 and HER2/neu was worse than that of those who expressed only p53 or HER2/neu.
Multivariate analysis using the Cox proportional hazards regression model was performed to determine which of the factors were independent prognostic factors of lung cancer-related death. Factors in the analysis included age, sex, recurrence, angiolymphatic invasion, HER2/neu, p53, and VEGF expression. Our results showed that recurrence, angiolymphatic invasion, p53, HER2/neu, and VEGF expression emerged as independent prognostic factors.
Bronchioloalveolar Adenocarcinoma Group
The patients ranged in age from 55 to 82 years with a mean of 6777 years. There were 23 women and 27 men with mean ages of 6778 and 7077 years, respectively. In this group, 32/50 of the neoplasms were nonmucinous subtype and 18/50 mucinous subtype. According to the American Joint Committee on Cancer staging system, 24 patients were classified as stage I with 34 IA and 16 IB. The mean follow-up for patients was 40717 months, including 39717 months for women, and 42716 for men. At the end of the study, 37 patients remained alive without disease, three patients were alive with disease, and 10 patients expired due to disease. 
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The mean survival for patients was 40720 months for women and 40718 months for men, which was not statistically significant.
The percentages of expressions of HER2/neu, p53 and VEGF were 9/50 (18%), 3/50 (6%), 12/50 (24%), respectively. These percentages of expression were a b HER2/neu, p53 and VEGF expression in lung adenocarcinoma RS Saad et al significantly lower than that seen in conventional adenocarcinoma (Po 0.05). p53 was expressed only in nonmucinous type (three cases). There was no significant correlation between p53 and VEGF expression and recurrence, as shown in conventional adenocarcinoma patients. None of our immunohistochemical markers showed significant correlation with age, sex, or tumor grade. Univariate analysis showed that only patients with HER2/neu expression in bronchioloalveolar carcinoma nonmucinous type had significant increased mortality and decreased survival ( Figure  5b ). Using multivariate analysis, HER2/neu emerged as an independent prognostic factor.
Discussion
Pulmonary adenocarcinoma has recently emerged as the most frequent histologic type of non-small-cell lung cancer, and its incidence has been increasing. 6 Although surgical resection is the treatment of choice for stage I non-small-cell lung cancer, patients with the same stage of disease can show marked differences in survival. 7, 8 The purpose of this study was to investigate the value of HER2/neu, p53, and VEGF expression as possible prognostic markers in stage I conventional adenocarcinoma and bronchioloalveolar carcinoma.
HER2/neu is a proto-oncogene encoding a 185-kd transmembrane protein with tyrosine kinase activity.
5 HER2/neu expression is associated mainly with high-grade breast carcinoma and considered an important prognostic factor for adverse outcomes in node-positive breast cancers. 14, 15 However, in non-small-cell lung cancer studies, HER2/neu expression varies depending on the histologic classification of the neoplasm. [25] [26] [27] [28] [29] [30] HER2/neu expression was reported in 13-80% in adenocarcinoma, 8, 29, 30 in 2-45% in squamous cell carcinomas, 30, 31 and 0-20% in large-cell carcinomas. 29 Consequently, different results have been reported concerning the significance of HER2/neu expression in non-small cell lung cancer. Kern et al, 29 and Tateishi et al, 28 reported adverse effect of HER2-neu expression, whereas Pfeiffer et al, 32 did not detect differences in survival. Brabender et al, 33 using a modified method were able to detect HER2/neu mRNA in 35% of non-small-cell lung cancer patients. In their study, HER2/neu mRNA expression emerged as an independent prognostic factor for survival. The current study has found a comparable incidence of HER2/ neu expression (38%) in stage I conventional adenocarcinoma. Furthermore, patients with HER-2/neu-positive tumors had significantly decreased survival. Thus, expression of HER2/neu seems to predict aggressive tumor growth in stage I nonsmall-cell lung cancer, similar to that of breast carcinoma. 34, 35 Herceptin, a monoclonal antibody against HER2/neu, has been recently utilized for the treatment of HER2/neu-positive breast cancer 36 and might be beneficial in HER2/neu-positive nonsmall-cell lung cancer patients. Demonstration of HER2/neu-amplification in non-small-cell lung cancer, using a standardized method, is essential for establishing clinical trials for this or other drugs. 33 A few studies have investigated the prognostic implications of p53 in non-small-cell lung cancer patients, with inconsistent and contradicting results. 7, [37] [38] [39] [40] [41] [42] [43] [44] Some authors have claimed that p53 oncoprotein is an independent adverse prognostic marker, [37] [38] [39] others have shown that p53 oncoprotein is an independent favorable marker for non-smallcell lung cancer, 40, 41 while yet others have reported that p53 oncoprotein expression has no prognostic significance. [42] [43] [44] [45] In our study, 64% (32 out of 50) of tumors displayed elevated p53 expression (410% of tumor cells with nuclear staining) and was significantly correlated with short survival and poor prognosis. Using multivariant analysis, p53 has emerged as an independent prognostic factor. These results are in agreement with previous reports. [36] [37] [38] Because p53 staining is usually confined to the nuclei of the tumor cells rather than cytoplasm or cell membrane, it was easier to evaluate than HER2/ neu. In our study, the interobserver reproducibility was excellent for p53 (Kappa ¼ 0.97) and moderate for HER2/neu (Kappa ¼ 77%).
Reasons for the discrepant reported results in the literature are likely multifactorial, relating to the experimental techniques, diversity in the patient population studied and short clinical follow-up duration. Although all previous studies included both adenocarcinoma and squamous cell carcinoma, they analyzed different percentages of histologic subtypes of non-small-cell lung cancer. Han et al, 7, 16 reported 70% of their patients had adenocarcinoma, while Brabender et al 35 included only 39% of pulmonary adenocarcinoma. Piyathilake et al 45 investigated p53 in only squamous cell carcinoma patients and found that p53 was not significantly associated with any of clinical parameters or survival. Also, bronchioloalveolar carcinoma cases was included as adenocarcinoma in these studies. In our study, we only included patients with pulmonary adenocarcinoma and compared conventional adenocarcinoma with bronchioloalveolar carcinoma subtypes.
Another possible explanation reason for discrepant results, some studies included patients with more advanced stages of non-small-cell lung cancer. The present study focused only on patients with stage I adenocarcinoma. In patients with more advanced cancer, the presence of additional pathologic abnormalities such as tumor size 43.0 cm, angiolymphatic invasion, and distant metastasis may trump the effects of HER-2/neu or p53 on overall survival, especially when the patient population is relatively small. Using different methods of antigen retrieval can also play a role as demonstrated by Tan et al, 10 who reported a higher percentage of adenocarcinoma positive for p53 using a microwave overheating technique. Another potential source of conflicting results is the choice of different threshold values or different monoclonal antibodies.
14 VEGF is a potent angiogenic factor for neovascularization. 16, 46 Because tumor growth and metastasis depend primarily on neoangiogenesis, the relationship between VEGF expression and the clinical outcomes of non-small-cell lung cancer patients had been studied. 16, 47 Previous reports demonstrated that VEGF overexpression was associated with decreased survival, particularly in adenocarcinoma. 47 Similarly, we found a significantly decreased overall survival in stage I conventional adenocarcinoma patients who demonstrated VEGF overexpression. VEGF was also associated with angiolymphatic invasion. Our study also showed a significant correlation between VEGF and p53 expression. Thus, the increased mortality in patients with stage I conventional adenocarcinoma whose tumors were positive for p53 protein in the current study might be at least partly explained by an effect of p53 on VEGF expression.
Within the bronchioloalveolar carcinoma group, we found a significant correlation between HER2/ neu and survival in the nonmucinous group, while it was not significant with p53 and VEGF. We also found a significant association between histologic type and p53 expression (Po0.01), whereas p53 was significantly expressed in conventional adenocarcinoma (64%), but not in bronchioloalveolar carcinoma (6%). In our study, p53 was only expressed in bronchioloalveolar carcinoma, nonmucinous type (3/32 cases). Kawasaki et al, 48 and Terasaki et al, 5 also reported that p53 overexpression was rare in pure bronchioloalveolar carcinoma lesions, but more common in invasive adenocarcinoma. These results strongly indicate that p53 abnormality is associated with invasive growth of tumor cells. Kawasaki et al 48 proposed that p53 abnormality occurred during the progression from the in situ to early invasive stage.
In conclusion, immunohistochemical staining of HER-2/neu, p53, and VEGF along with examination of vascular invasion and tumor recurrence, may aid in defining a subpopulation of patients with stage I conventional adenocarcinoma whose tumors may behave more aggressively. In addition, focused adjuvant therapeutic modalities and gene therapies might improve overall survival in these patients expressing the poor prognostic immunohistochemical markers.
